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Effects of deep fertilization methods on ammonia volatilization and rice yield in paddy fields

ZHOU Ping—yao, ZHANG Zhen, WANG Hua', XIAO Zhi—hua, XU Hua—qin, WANG Jiu—xiang

(College of Resources & Environment and Hunan Provincial Key Laboratory of Rural Ecosystem Health in Dongting Lake Area, Hunan
Agricultural University, Changsha 410128, China)

Abstract: In order to explore the method of reducing ammonia emissions from farmland, the effects of different deep fertilization methods
on the ammonia volatilization loss, nitrogen utilization rate, and rice yield in rice fields were determined to provide a theoretical basis for
rational fertilization of rice. Pot experiments were arranged in the Changsha Agricultural Environment Observatory in Jinjing Town,
Changsha City, Hunan Province. The effects of different deep fertilization methods on the ammonia volatilization loss, nitrogen utilization
efficiency, and rice yield were studied. Seven treatments were used, namely N, (without chemical fertilizer), S300 (traditional nitrogen
fertilizer application), S210(30% nitrogen reduction+traditional nitrogen fertilizer application ), R5(30% nitrogen reduction+strip depth of
5 ¢m), R10(30% nitrogen reduction+strip depth of 10 cm), B5(30% nitrogen reduction+ball depth of 5 cm), and B10(30% nitrogen
reduction+ball depth of 10 ¢cm). Ammonia volatilization was continuously monitored on the first day after fertilization until there was no
significant difference between the ammonia emissions from the fertilization treatment and non—fertilization treatment, and the nitrogen

content and yield were determined at the mature stage of rice. The results showed that the deep application treatment could reduce the
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water concentration of NH; =N in the field surface and promote the nitrogen uptake by plants. Compared with the S300 treatment, the

ammonia volatilization loss decreased by 30.13%~47.85%. Compared with the S210 treatment, the nitrogen recovery rate of the deep

application increased by 9.16%~29.44%, the nitrogen agronomic efficiency increased by 13.85%~32.14%, and the grain production

efficiency increased by 12.18%~28.27%. Based on the nitrogen reduction of 30%, the yield of rice treated with deep application increased

by 12.79%~28.27% compared with that of the S210 treatment. The B10 treatment significantly reduced the ammonia volatilization loss and

increased the nitrogen utilization rate. As a result, deep application can effectively reduce the ammonia volatilization loss and increase the

nitrogen utilization rate in rice fields, and the B10 treatment(30% nitrogen reduction+ball depth of 10 ¢cm) is the most advantageous. The

mechanization of deep fertilization needs to be further developed and popularized.

Keywords : nitrogen reduction; deep placement; ammonia volatilization; rice; yield
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Table 1 Basic physical and chemical properties of soil at test site

2R X Exil Bl 4 P A AL
pH Total nitrogen/  Total phosphorus/  Total potassium/  Alkaline nitrogen/ Fast—acting Quick—acting Organic matter/
(g-kg™) (g-kg™) (g-kg™) (mg-kg™) phosphorus/(mg-kg™) potassium/(mg-kg™") (g-kg™)
5.98 0.82 0.36 15.65 88.67 10.26 78.83 13.89
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Figure 1 Daily variation of ammonia volatilization in different fertilization treatments
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Table 2 Ammonia volatilization loss and ammonia volatilization

loss rate with different fertilization methods

P EERBURAE AR
it A A . .
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Nitrogen application/ e e
Treatments (ke+hm™) volatilization/ volatilization
& (kg+hm™) loss rate/%
No 0 0.94:0.01¢ —
S300 300 3.95+0.05a 1.00
S210 210 3.32+0.05b 1.13
RS 210 2.76+0.03¢ 0.86
R10 210 2.25+0.02e 0.62
B5 210 2.47+0.02d 0.73
B10 210 2.06+0.06f 0.53

T RIS R ING TR R AR B R 25 53 .25 (P<0.05) . Rl
Note: The different lowercase letters in a column indicate significant
differences among treatments at P<0.05 levels. The same below.
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Figure 2 Changes of influence factors of ammonia volatile after fertilization
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4 i AE &b B ], B1O Ab 3t S300 4k B
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Table 3 R values between ammonia volatilization and its influence factors
AR IRk FH T 7K 8 25 e 3 FH T 7K S MR B HH 17K pH S
1.91 Ammonia NH:=N concentration of soil Total nitrogen concentration — Surface water =
Variable - . - Temperature
volatilization surface water of soil surface water pH
44 & Ammonia volatilization 1
o ISR e i
TR R 0.902+* 1
NH:-N concentration of soil surface water
¥4 VR i
. HEABEEE 0.957%* 0.924%% 1
Total nitrogen concentration of soil surface water
HH 18 7K pH Soil surface water pH 0.936%* 0.821%#%* 0.910%* 1
i Temperature 0.088 0.139 0.137 0.197* 1
T+ URAE 0.01 AR ORI B I ZEARDG . #fRERAE 0.05 /K- (RU) b T3EAH G
Note: ** indicates significant correlation at 0.01(bilateral). * indicates significant correlation at 0.05(bilateral ).
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Table 4 Dry matter accumulation and yield of medium rice at different growth stages under different fertilization methods
bR SR JSY A Sy SE R i
fhg ﬂ% b ARAR R A SR R ‘ W %lﬂ“?c‘gg
Root biomass/ Above ground Total accumulation/ . Actual yield/
Treatments o i o o Root—shoot ratio o
(g'pol ) accumulatlon/(g-pot ) (g'pol ) (g-pot )
S300 169.18+4.78h 481.64+8.53b 650.82+13.29bh 0.35b 213.66ab
5210 146.48+2.30¢ 411.42+1.98d 557.91+0.85d 0.36b 178.75¢
RS 168.04+3.70h 450.77+1.84¢ 618.81+4.75¢ 0.37h 200.53b
R10 169.17+2.82b 473.36+2.88bc 642.53+5.54bc 0.36h 204.65b
B5 168.58+4.64h 469.78+9.97bc 638.35+6.96bc 0.36h 201.61b
B10 227.63x1.01a 510.59+14.84a 738.22+13.88a 0.45a 229.29a

PR AT R10 MM PR 55 12.04% , Hp iR
B10>S300>R10>B5>R5>5210.
24 REFRER

T e 7 XX R SRR BT (R 5) . e
R 30% FSER I, DRItEARFE 5 S210 AhERAH HE , (0 [l
K (NRE) 1 T 9.16%~29.44%, o B10 35 3] 2 /K
F-(P<0.05) s BFEA LRI FAZCR (NAE) BN T 13.85%~
32.14% (P<0.05) ; #F %L A= 7= % % (NGPE) ¥4 Jn T
12.18%~28.27%(P<0.05), Hrp, DL B10ALFREE N B2 .
FER—H BRI, BSALERE RSADPEZ () o i % 22 5+ ;
BI1OALFRAE K FISCR (NRE) VR ZE AR 2RI R (VAE)
FURF KL AR 77 808 (NGPE) ¢ R10 4h # 43 5 #2551
11.89% .13.43% F112.07%. 45 HtENEALE A R4 BEALCR
(NPE) 225 % ,NRE L) S300 {bBREAIG . BFFT4s Rk
FHAE AR A ) F K RS A AR L i R R TR 4
REFHZE,

3 itig

3.1 TEEMBAXKETERREZN AR
AL T3 IR K RS AR AR T AR R A R

=5 AEEEAXIKEBREN AR
Table 5 Effects of different fertilization methods on nitrogen

utilization efficiency of rice

R R R ARERZFN FARRORE FRLE - R0R

Treatments  NRE/% ”ij l[(V; F)/ (kfli /,‘) (f{vg ('igE/.)
$300 39.22¢ 13.34d 34.54a 14.84d
$210 45.95bc 15.60c 34.17a 17.73¢

RS 50.16ab 17.76b 35.46a 19.89h
R10 53.15ab 18.17b 34.18a 20.30b
B5 52.20ab 17.87b 36.05a 20.00b
B10 59.47a 20.61a 34.77a 22.75a

A SRR o KRS 7 R A 7 AR L HEERE AL )
S b, SRS A AL sy, SRR AR A R A Atk 3R
I Z KRR ARG R o (R R AL T A
HERERE LIRS S, BUERNE RIS ROR AW
o I LATE LA A T B AR ) it A R e 8 CR
WA W AR IR A R AR 2 145, i
JESR T HE T AT 2T BORS IR R )= 3 IR 25
By R SR 1A Rt MEAE e (R UESE TR
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PR R BAREAR R A 0 b B 2 ] 25 SR 2,
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AH L S210 4b Hf th A 45 55 s B10 Ab H 45% R10 4b B4 5=
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